Desalination can be a cost-effective way to produce fresh water and possibly electricity. The Gaza Strip has had a complex hydro-political situation for many years. Gaza is bordered by the Mediterranean sea in the west, by Israel to the north and east and by Egypt in the south. Water and electricity consumption in the Gaza Strip is expected to increase in the future due to the increasing population. In this paper, a solution for Sinai and the Gaza Strip is suggested involving the building of a joint power and desalination plant, located in Egypt close to the border with Gaza. The suggested joint project would increase drinking water supply by 500,000 m 3 /d and the power supply by 500 MW, of which two thirds is suggested to be used in Gaza and one third in Sinai. The present lack of electricity and water in Gaza could be erased by such a project. But Egypt will probably gain more: more water and electricity for the future development of Sinai and Gaza; a significant value will be added to the sale of Egyptian natural gas; more employment opportunities for Sinai people; the domestic market for operation and maintenance of desalination plants can be boosted by the suggested project; Egypt may naturally and peacefully increase its cooperation with and presence in Gaza, which should lead to increased security. This type of project could also get international support and can be a role-model for cooperation and trust-building between neighbours.
INTRODUCTION
The Gaza Strip is a small, densely populated area in the Middle East in which groundwater is the main source of water. Gaza has several water problems: inefficient water use by the agricultural sector, limited fresh water supply and high water demand, groundwater contamination and seawater intrusion.
In the Gaza Strip area of Palestine, there is a large gap between water resources and demand. The citizens of the Gaza Strip have pursued several alternatives to increase water supply, including water desalination (house units) and use of bottled water and imported water (El-Nakhal ). Annual water availability from the Gaza aquifer will decrease from 147 to The problems facing water sector projects development were due partly to deteriorating security conditions (Gray ) . At present, maintenance is too difficult for the water sector and pipes and cement are for instance being impounded for Gaza people, despite the pledge of $4.5 billion dollars of aid money to rebuild Gaza which was made at the conference in Sharm el Sheikh held in March, 2009 (PCHR ) . The inequality in access to water between Israelis and Palestinians is striking. In some rural communities Palestinians survive on 20 to less than 70 L per day, which is less than the minimum amount recommended by the WHO for emergency situations response of 100 L per day (WHO ).
In this study, a bench-mark analysis of seawater desalination was performed for reverse osmosis (RO) systems. A reverse osmosis desalination project to improve water quality and quantity was previously proposed (El-Nakhal ).
Desalination plants in the Gaza Strip area with a capacity of up to 150,000 m 3 /d have also been suggested, but very little has been implemented until now, partly due to political conditions (Baalousha ) . To address this, the new desalination plant is suggested to be located in Egypt to serve two areas, specifically specifically Gaza and Sinai. The current Israeli blockade of Gaza and restrictions on some of the materials and chemicals required for pre-and post-treatment make cooperation on the project with Israel almost impossible. Additionally, it is much cheaper to buy natural gas directly from Egypt.
Current situation in Gaza
The production capacity of the desalination plants in Gaza varies between 20 and 150 m 3 /d (Jaber & Ahmed ) . A small scale desalination plant was built in Gaza but the larger one which was suggested has not yet been built due to the many reasons listed above, not least the political issues.
Even some of the small plants have been stopped and electricity production is limited in the Gaza Strip. This leaves most of the population in Gaza without electricity for up to 18 h per day and without water for more than 20 h per day. The current electricity demand in the Gaza Strip, according to the President's Office and the Gaza Power Generating Company (GPGC), is 215 MW but this increases to 225 MW during the winter months (UNOCHA ).
The current supply available to Gaza, which totals 184 MW, originates from three sources: Gaza Power Generating Company (GPGC) 60 MW (maximum), Israel Electrical Company (IEC) 107 MW and Egypt 17 MW. GPGC estimated that the maximum power generated from the power station did not exceed 60 MW while the potential of the original transformers was up to 140 MW (UNOCHA ).
Water prices
In general, the cost of water and source of energy is important for producing fresh water in low income and poor countries. 
Purpose
The purpose of this study is to make a bench-mark analysis of a seawater desalination plant for reverse osmosis with the aim of increasing water availability in Gaza and Sinai for a maximum number of people. This proposed project could minimise the cost of water and electricity and improve the other sectors, e.g. agriculture and industry. Another purpose is also to stress the importance of joint projects between countries of the Middle East, to reduce tensions, disputes and fighting, and to increase cooperation, mutual trust and security. With examples from Europe, the century long conflict between France and Germany was able to be settled by economic and political cooperation. In 1950, the Schuman declaration stated that 'Europe will not be made all at once, or according to a single plan. It will be built through concrete achievements which first create a de facto solidarity'. Through initial cooperation on coal and steel, the with the high fertility rate, increased the population of that Palestinian coastal land strip from 50,000 in 1948 to more than 1.5 M in 2009 (PBS ).
Water balance in Gaza
It is important to analyse the water balance in the Gaza Strip and to compare water supply with demand. In 2020, there will be more than 2 M Gazans, double the year 2000 population (PBS ), and the water demand could easily also double from 154 MCM/yr (Metcalf & Eddy a, b) . In Gaza there are no surface water resources except for an occasional water flow in Wadi Gaza during heavy rainfall, which temporarily occurs in two to three of the winter months. Another environmental problem is the infiltration of nitrates into the aquifer from the uncontrolled and excessive use of fertilisers by farmers in their irrigated fields to increase productivity. Baalousha () According to the PWA, more than 60% of the total amount of groundwater in the Gaza Strip aquifers is of bad quality and not potable according to WHO standards (PWA ). It is believed that fertilisers, in combination with the leached wastewater from septic tanks and non treated wastewater, are responsible for this high level of nitrate.
METHODOLOGIES Proposal overview
Desalination projects are always related to a number of parameters and factors such as water scarcity, water quality, energy recovery, cost per cubic metre, capital cost, location, Overall balance 55 land use, operations and maintenances as well as environmental impact. In general, any project has to meet at least the minimum requirements such as:
• Desalination plant allocation systems.
• Consumers income and economical acceptance.
• Availability of operational materials and chemicals in the area.
• Annual cost optimization including workers.
• Environmental impact analysis.
• Study different scenarios for comparison.
• Economic benefits of water use and net benefits of overall operations. It is suggested that the brine from the desalination plant first be mixed with the power plant cooling water and then discharged to the sea to minimise the impact. The closer the plant to the Gaza border, the cheaper it will be to distribute external power and water to the Gaza Strip.
The joint project will supply fresh water and electricity to the two areas with one third to the Egyptian part (Sinai) and two thirds to the Palestinian part (Gaza). The advantages are much greater than disadvantages and there are almost no disadvantages for the Egyptians. In this project Egypt will get their amount for free plus selling natural gas, improving water quality and quantity, employee opportunities, materials and tools for repairing and chemicals for treatment. All these will be supplied by Egypt, and are seen as advantages for them.
Cost of labour is important and to have labor from Egypt is much cheaper than in Gaza for operation and maintenance because this project will be located on the Sinai coastline. There is also the matter of easy exchange of expertise from different countries to come to the Sinai area in order to train personnel. Currently, it makes much more sense to locate the project in Sinai, which is more accessible to visiting training and technical consultants, given the severely restricted access problems under the current Gaza blockade. It is not easy to compare the two countries' labour costs because they have different situations but taking them from Egypt is a good solution. On the other hand, workers in Gaza will be responsible for establishing pipeline connections and networks to all cities starting from the border and also for their maintenance.
Water transport examples
The transfer of water from Sinai to Gaza should not cause any problems. There are many practical examples of water transport from one city to another or from one country to another (see Table 2 ). Some calculations on transportation costs of water are presented in Zhou & Tol () . Comparison of these estimates to those of other studies suggests that Kally () may have been overly pessimistic, but most of these studies suggest that the actual costs would have been higher (see Table 2 ). Kally's estimation is still used because his calculation takes account of not only horizontal distance but also vertical lifting cost. It is important to search for independent sources of energy that might be as cheap as Israeli pricing. A good alternative for energy supply to the power plant could be off-shore gas discovered in the sea close to Gaza (Baalousha ).
Alternatives water supply solution

Water transport
Water transport was one of the alternatives proposed to supply fresh water to Gaza people. As seen in Table 2 , Table 2 are successes and are already in operation.
Artificial recharge
Artificial recharging was previously planned as one possible In Gaza, there is no guarantee of a power supply to water projects. For example, no safe supply of operational and maintenance materials can be guaranteed.
The interior situation in Gaza is characterised by lack of control of available water (chaos due to war) as well as leaks of information and technology. The energy availability and power supply functions most of the time despite the political problems. 
RESULTS AND RECOMMENDATIONS Unit and capital cost results
The reported average unit cost of seawater desalination production dropped significantly from 1955 to 2020 and will probably reach less than $0.5/m 3 in 2020, as shown in Table 4 . This proposal is planned over five years but production could begin at the end of the first year, and then use generated income to fund subsequent development.
Details on how to finance the investment need to be sorted out later, but this type of project is expensive, thus it might be more convenient to carry out the projects step by step. It is possible to get international support from donors such as the World Bank, SIDA and the European Union. If the investment can be financed, then the project schedule time can be made shorter.
Impacts and recommendations
Environmental effects: In the Gaza Strip, many householders use desalination home units, resulting in a local production of brine that ends up in the sea and increases the salt concentration of the seawage water, making the process of wastewater reuse more difficult and costly (El-Nakhal ). In the absence of stability in the Gaza Strip, there are no regulations for desalinated water, thus there is very little control of the quality of desalinated water or the brine discharge. A safe supply of desalinated water should decrease the need for home units. With a RO-plant, less brine will be discharged on land in Gaza.
Maintenance impact: Low cost maintenance and operational processes need trained people to prevent damage to the RO membrane. In Egypt, it is possible to recruit qualified personnel and operation and maintenance costs here could be similar or lower than world prices.
Groundwater contamination: Small unit brine water is presently disposed of together with domestic wastewater in shallow drainage as well as in septic tanks, where it directly infiltrates to the aquifers and affects the groundwater (El-Nakhal ). By supplying alternative drinking water, the need to extract groundwater decreases.
Land impact: The area of the Gaza Strip is small in relation to a large scale safe water supply from desalination plant projects. Implementation of this project away from the border of Gaza requires a pipeline and pumps with additional energy needs to transport the fresh water to the municipalities. • This project will increase water quality and quantities and electricity that will be available for the growing population of Sinai.
• Egyptian natural gas can be used in the project adding value to the gas sales.
• The plant will need staff. This gives employment opportunities for the people of Sinai.
• Materials, chemicals and tools for repairing and maintenance of the desalination plant will also be provided from Egypt, which will increase the domestic M&U market.
• Politically, this is an opportunity for Egypt to increase cooperation with and be more present in Gaza; this will lead to increased security around the border between Egypt and Gaza.
CONCLUSIONS
Clearly both the desalination and the power plant are vital in the Gaza Strip to supply water and electricity to the people. Desalination as a source of water supply has many advantages and few disadvantages. In the Gaza Strip, sources of energy for desalination and power plant projects are very important in order to create an independent source of electricity, but nothing is secure in this situation. The people of Gaza lack infrastructure and rely on a clean water supply in order for their services to function normally.
Although RO is a promising technology, highly professional people are required to operate the desalination plants.
Why Egypt? Locating the desalination and power plant in Egypt on the Mediterranean coast is a good solution for both Egyptians and the people of Gaza. From the current experience the cost of water and electricity will be lower than that from cooperation with Israel and the workers are also much cheaper. This proposal should improve agriculture as well as the socioeconomic and industry of both areas. More fresh water will be supplied to the people and more electricity will be supplied to industry that may increase production. The environmental issue must be studied in great detail before implementing the desalination plant project.
However, costs may be reduced by the use of natural gas to produce energy in the same location. The distribution of the produced water and electricity will be supplied one third for free to Sinai people for their land and natural gas usage. The rest of the outcome of this project from Gaza people will be used for repairing, maintenance and workers costs. One possible solution is to sell all the production from this project to Gaza-Sinai people in order to get back the capital cost in a few years and at the same time to payback the land rent, gas cost and repairing and maintenance.
Only the progressive capital costs are needed to start this project, after which the project benefits must cover all expenses.
